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DESCRIPTION 

TITLE OF THE INVENTION 

OZONE SUPPLY APPARATUS and OZONE SUPPLY METHOD 

FIELD OF THE INVENTION 

[0001] 

This application relates to an ozone supply apparatus and an ozone supply 

method. 

BACKGROUND OF THE INVENTION 

[0002] 

Ozone is used as a powerful oxidizer in broad fields, such as the clean-up of water 

environment and the washing of semiconductors. Ozone is generated with an ozone 

generating apparatus, whose upper limit value of a concentration of ozone is about 

20 % in volume fraction. For this reason, using an adsorption - desorption tower in 

which adsorbent is filled up, adsorption, concentration, and desorption are conducted 

on a mixed gas ( oxygen and ozone ), which is produced in an ozone generating 

apparatus, to obtain a high concentration of ozone. 

[0003] 

In an ozone supply apparatus, it is desired that the apparatus has the capability 

to control and change the quantity of ozone which is supplied to an ozone supply 

target. On the other hand, in an ozone using side ( demand side ), for example, in the 

treatment of waste water, the inlet flow rate and water quality of the waste water 

which flows thereinto varies generally from hour to hour. Therefore, the optimal 

supply quantity of ozone which is required for the treatment of waste water varies 

also from hour to hour. Accordingly, in a case where a fixed quantity of ozone is 
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supplied, there arises a case in which the supply quantity of ozone becomes too much 

or too little, with respect to the amount of waste water for treatment. If excessive 

amount of ozone is supplied, the processing of waste water becomes uneconomical, 

and if too little amount of ozone is supplied, it is likely that the processing of waste 

water may become insufficient. Therefore, in an ozone supply apparatus, it is 

required that the apparatus is capable of controlling the supply quantity to be in 

accordance with the variation of the ozone demanded. 

[0004] 

However, in an ozone suppling side, it is required to manufacture ozone efficiently 

and supply the ozone stably. Therefore, a technology ( Patent Document 1 ) is 

proposed as an existing technology, in which there are provided with a plurality of 

adsorption - desorption towers, a circulation piping for returning a gas to an ozone 

generator, where ozone included in the gas is adsorbed in an adsorption - desorption 

tower, and an ozone discharge means for taking out ozone from the adsorption - 

desorption tower. When ozone is adsorbed for storing, ozone which is leaked out from 

the adsorption - desorption tower is recovered by adsorption in another adsorption - 

desorption tower. Thereby, the technology enables the use of ozone which is discarded 

at the time of adsorption. 

CITATION LIST 

PATENT LITERATURE 

[0005] 

Patent Document 1 : JP H09 - 235104 A 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEM 
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[00061 

However, according to the conventional technology, an adsorption - desorption 

tower, from which ozone is supplied, will be used at the next cycle, as a tower of 

adsorption recovery use. Thereby, a high concentration of ozone, which remains at 

the time of preforming a process for supplying former ozone, is pushed out to the exit 

of the adsorption - desorption tower, by oxygen and a low concentration of ozone 

which are introduced into the adsorption - desorption tower, in the beginning stage 

of an adsorption process, and is forced to leak out from the adsorption - desorption 

tower. For these reasons, a high concentration of ozone is discarded, the ratio of ozone 

manufactured to ozone used effectively ( utilization rate of ozone) is lowered, and 

there arises a problem that the running cost of the apparatus increases. 

[00071 

The present disclosure is the one to disclose a technology for solving the subjects 

mentioned above, and aims at offering an ozone supply apparatus and an ozone 

supply method, which are capable of realizing the improvement in the utilization 

rate of ozone. 

SOLUTION TO PROBLEM 

[00081 

The present application discloses an ozone supply apparatus which condenses 

and supplies an ozone gas by a first adsorption - desorption tower and a second 

adsorption - desorption tower in which an adsorbent is stored, 

the ozone supply apparatus includes: 

a gas circuit of exhaust use which discharges a gas discharged from the first 

adsorption - desorption tower, to an outside of the ozone supply apparatus, 
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a gas circuit of adsorption recovery use, unlike the gas circuit of exhaust use, 

which passes a gas discharged from the first adsorption - desorption tower, through 

the second adsorption - desorption tower, and then, discharges the gas to an outside 

portion of the ozone supply apparatus, 

a circuit switching device which switches a flow path of the gas circuit of exhaust 

use and the gas circuit of adsorption recovery use, and 

a control part which controls an opening and closing of the circuit switching 

device, according to a state of the first adsorption - desorption tower and a state of 

the second adsorption - desorption tower. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0009] 

In this application, the ozone supply apparatus is configured to control and decide 

whether ozone gas of the first adsorption - desorption tower is exhausted or passed 

to the second adsorption - desorption tower, according to the result of comparison, 

which is made between the state of the first adsorption - desorption tower and the 

state of the second adsorption - desorption tower. Thereby, it becomes possible to 

restrain the leakage out of a high concentration of ozone gas, which is produced in 

the adsorption process of the first adsorption - desorption tower, and remains at the 

time of a supply process, and improvement in the utilization rate of ozone can be 

realized. 

BRIEF EXPLANATION OF DRAWINGS 

[0ow] 

FIG. 1 is a configuration diagram showing an ozone supply apparatus in 

accordance with Embodiment 1. 
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FIG. 2 is a gas circuit diagram for showing a path in a first adsorption process of 

the ozone supply apparatus according to the Embodiment 1, where a gas is 

discharged from a first adsorption - desorption tower to an outside of the ozone 

supply apparatus. 

FIG. 3 is a gas circuit diagram for showing a path in the first adsorption process 

of the ozone supply apparatus according to the Embodiment 1, where a gas which is 

discharged from the first adsorption - desorption tower passes through a second 

adsorption - desorption tower, and then, is discharged to an outside portion of the 

ozone supply apparatus. 

FIG. 4 is a gas circuit diagram for showing a path in the first supply process of 

the ozone supply apparatus according to the Embodiment 1, where a gas is supplied 

from the first adsorption - desorption tower to a supply target. 

FIG. 5 is a gas circuit diagram for showing a path in a second adsorption process 

of the ozone supply apparatus according to the Embodiment 1, where a gas which is 

discharged from the first adsorption - desorption tower is discharged to the outside 

of the ozone supply apparatus. 

FIG. 6 is a gas circuit diagram for showing a path in the second adsorption process 

of the ozone supply apparatus according to the Embodiment 1, where a gas which is 

discharged from the first adsorption - desorption tower passes through the second 

adsorption - desorption tower, and then, is discharged to the outside of the ozone 

supply apparatus. 

FIG. 7 is a gas circuit diagram for showing a path in the second supply process of 

the ozone supply apparatus according to the Embodiment 1, where a gas is supplied 

to a supply target from the first adsorption - desorption tower. 
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FIG. 8 is a characteristic diagram for showing the change with the passage of 

time in the concentration of ozone of an ozonized gas which is discharged to the 

outside, in the adsorption process of the ozone supply apparatus according to the 

Embodiment 1, where the diagram is compared with that of Comparative example 

1.  

FIG. 9 is a characteristic diagram for showing the change with the passage of 

time in the concentration of ozone of an ozonized gas which is discharged to the 

outside, in the adsorption process of the ozone supply apparatus according to the 

Embodiment 1, where the diagram is compared with that of Comparative example 

2.  

FIG. 10 is a characteristic diagram for showing the change with the passage of 

time in the concentration of ozone of an ozonized gas which is discharged to the 

outside, in the adsorption process of Improved example of the ozone supply 

apparatus according to the Embodiment 1, where the diagram is compared with that 

of the ozone supply apparatus according to the Embodiment 1. 

FIG. 11 is a configuration diagram for showing an ozone supply apparatus in 

accordance with Embodiment 2. 

FIG. 12 is a configuration diagram for showing an ozone supply apparatus in 

accordance with Embodiment 3. 

FIG. 13 is a configuration diagram for showing an ozone supply apparatus in 

accordance with Embodiment 4. 

FIG. 14 is a block diagram for showing the configuration of a control part 

according to the Embodiments. 
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DESCRIPTION OF EMBODIMENTS 

[0on] 

Embodiment 1 . 

FIG. 1 is a configuration diagram for showing an ozone supply apparatus 

according to the Embodiment 1 of the present disclosure. The ozone supply 

apparatus 100 according to the Embodiment 1 is equipped with a gaseous material 

source 1, an ozone generating portion 2, a first adsorption - desorption tower 3a, and 

a second adsorption - desorption tower 3b. On the inside of the first adsorption - 

desorption tower 3a and the second adsorption - desorption tower 3b, an adsorbent 

4a and an adsorbent 4b are filled up respectively. A plurality of gas circuits is 

provided for distributing the flow of a gas; one is between the ozone generating 

portion 2 and the first adsorption - desorption tower 3a, another is between the ozone 

generating portion 2 and the second adsorption - desorption tower 3b, and the other 

is between the first adsorption - desorption tower 3a and the second adsorption - 

desorption tower 3b. In each of the gas circuits, a circuit switching device 5 is 

provided. The opening and closing of this circuit switching device 5 is controlled by 

a control part 6. The control part 6 conducts a control operation based on a measured 

value which is measured with the first concentration measurement part 7a and a 

measured value which is measured with the second concentration measurement part 

7b. It is to be noted that, a signal wire from the control part 6 to the circuit switching 

device 5 is omitted from displaying in the drawing. 

[0012] 

The circuit switching device 5 can selectively form a gas circuit of exhaust use 

ROa and a gas circuit of exhaust use Rob, a gas circuit of adsorption recovery use 
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R la and a gas circuit of adsorption recovery use Rib, and a gas circuit of supply use 

R2a and a gas circuit of supply use R2b, by conducting an opening and closing of a 

gas circuit which is installed in order to connect between components. 

Here, a circuit switching device which is installed on the way of the gas circuit 

which connects the ozone generating portion 2 and the first gateway 3a1 of the first 

adsorption - desorption tower 3a is referred to as a first circuit switching device 5a1; 

a circuit switching device which is installed on the way of a gas circuit which 

connects the ozone generating portion 2 and the first gateway 3b1 of the second 

adsorption - desorption tower 3b is referred to as a fifth circuit switching device 5b1; 

a circuit switching device which is installed on the way of a gas circuit which is 

opened to the outside from the first concentration measurement part 7a is referred 

to as a second circuit switching device 5a2; a circuit switching device which is 

installed on the way of a gas circuit which is opened to the outside from the second 

concentration measurement part 7b is referred to as a sixth circuit switching device 

5b2; a circuit switching device which is installed on the way of a gas circuit which 

connects from the first concentration measurement part 7a to the second adsorption 

- desorption tower 3b is referred to as a third circuit switching device 5a3; a circuit 

switching device which is installed on the way of a gas circuit which connects from 

the second concentration measurement part 7b to the first adsorption - desorption 

tower 3a is referred to as a seventh circuit switching device 5b3; a circuit switching 

device which is installed on the way of a gas circuit which is opened to the outside 

from the first gateway 3a1 of the first adsorption - desorption tower 3a is referred to 

as a fourth circuit switching device 5a4; and a circuit switching device which is 

installed on the way of a gas circuit which is opened to the outside from the first 
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gateway 3b1 of the second adsorption - desorption tower 3b is referred to as an eighth 

circuit switching device 5b4. 

It is to be noted that, the first circuit switching device 5a1 to the fourth circuit 

switching device 5a4, and the fifth circuit switching device 5b1 to the eighth circuit 

switching device 5b4 are referred to simply as a circuit switching device, when they 

are generically named, and a numerical code 5 is used for them here. 

Further, hereafter, gases other than ozone, such as oxygen, nitrogen, and nitrogen 

oxide will be referred to a gaseous material, and the mixture of a gaseous material 

and an ozone gas will be referred to as an ozonized gas. 

[0013] 

The gaseous material source 1 can employ, for example, a tank, PSA ( Pressure 

Swing Adsorption ) apparatus, and the like, and the gaseous material source 1 

supplies gaseous material to the ozone generating portion 2. Further, the ozone 

generating portion 2 generates an ozonized gas which contains ozone, using the 

gaseous material which is supplied from the gaseous material source 1. 

[0014] 

The first adsorption - desorption tower 3a and the second adsorption - desorption 

tower 3b are both provided with a gateway through which gas is introduced and 

discharged. A gateway which is installed on the lower portion of the first adsorption 

- desorption tower 3a is referred to as a first gateway 3a1. A gateway which is 

installed on the upper portion of the first adsorption - desorption tower 3a is referred 

to as a second gateway 3a2. A gateway which is installed on the lower portion of the 

second adsorption - desorption tower 3b is referred to as a first gateway 3b1. A 

gateway which is installed on the upper portion of the second adsorption - desorption 
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tower 3b is referred to as a second gateway 3b2. It is to be noted that, here, locations 

are expressed using "upper portion" and "lower portion." However, these terms 

explain the location on the drawing, and the arrangement in vertical and horizontal 

directions can be suitably and arbitrarily changed. 

[0015] 

Ozonized gas is introduced from the ozone generating portion 2, to the first 

adsorption - desorption tower 3a or the second adsorption - desorption tower 3b. 

Material adsorbing preferentially ozone, which is contained in the ozonized gas, can 

be used suitably as an adsorbent 4a of the first adsorption - desorption tower 3a and 

an adsorbent 4b of the second adsorption - desorption tower 3b. The adsorbent 4a 

and adsorbent 4b of this case can employ the material of the same kind, or the 

material of mutually different kinds. As an example of the adsorbent 4a and 

adsorbent 4b, silica gel is used, for example. The concentration of ozone on the 

surface of the adsorbent 4a and adsorbent 4b becomes higher than the concentration 

of ozone in the ozonized gas, owing to the adsorption characteristics of the adsorbent 

4a and adsorbent 4b. 

[0016] 

The control part 6 consists of a microcomputer and others, for example, and 

controls the operation for an opening and closing of a circuit switching device 5, by 

giving a control instruction to the circuit switching device. It is to be noted that, the 

operation for an opening and closing of the circuit switching device 5 can be 

performed, not only by control instructions from the control part 6, but also by 

manual operations. 

On the way of the gas circuit which is opened to the outside from the second 
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gateway 3a2 of the first adsorption - desorption tower 3a, a first concentration 

measurement part 7a and a second circuit switching device 5a2 are arranged, and 

on the way of the gas circuit which is opened to the outside from the second gateway 

3b2 of the second adsorption - desorption tower 3b, a second concentration 

measurement part 7b and a sixth circuit switching device 5b2 are arranged. That is, 

the first concentration measurement part 7a is installed between the branching 

point of the gas circuit of adsorption recovery use R1 and the gas circuit of exhaust 

use RO, and the first adsorption - desorption tower 3a; and the second concentration 

measurement part 7b is installed between the branching point of the gas circuit of 

adsorption recovery use R1 and the gas circuit of exhaust use RO, and the second 

adsorption - desorption tower 3b. The first concentration measurement part 7a and 

the second concentration measurement part 7b are the ones which measure the 

concentration of ozone or oxygen, which are discharged from the first adsorption - 

desorption tower 3a and the second adsorption - desorption tower 3b, and are 

indifferent to the method and composition for the measurement. 

[0017] 

Next, explanation will be made about the behavior of the ozone supply apparatus 

100 which is equipped with the constitution mentioned above. 

Since the ozone supply apparatus 100 according to the Embodiment 1 carries out 

the operation for an opening and closing of the circuit switching device 5, by a control 

instruction from the control part 6, the gas circuit of exhaust use RO, the gas circuit 

of adsorption recovery use R1, and the gas circuit of supply use R2 can be formed 

selectively. 

Hereinafter, explanation will be further made in more detail, about compositions 
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and their actions of the gas circuit of exhaust use RO, the gas circuit of adsorption 

recovery use R1, and the gas circuit of supply use R2, using FIG. 2 to FIG. 7. Here, 

it is to be noted that, a gas treatment process in the gas circuit of exhaust use RO 

and the gas circuit of adsorption recovery use R1 is referred to as an adsorption 

process, and a gas treatment process in the gas circuit of supply use R2 is referred 

to as a supply process. 

[0018] 

First of all, a mixed gas which is produced in the ozone generating portion 2 is 

introduced in the first adsorption - desorption tower 3a. The mixed gas is adsorbed 

by the adsorbent 4a of the first adsorption - desorption tower 3a, at a predetermined 

pressure. In property, ozone is easier to absorb preferentially on the adsorbent 4a 

than oxygen, and then, oxygen which is not adsorbed is forced to leak out 

preferentially from the first adsorption - desorption tower 3a. Thereafter, the 

property of ozone in which ozone is harder to desorb from the adsorbent 4a is used. 

The pressure of the first adsorption - desorption tower 3a is reduced gradually, and 

thereby, oxygen is drawn out preferentially and selectively. Moreover, a majority of 

oxygen is drawn out, and thereby, the concentration of ozone on the inside of the first 

adsorption - desorption tower 3a increases. When the concentration of ozone reaches 

a predetermined value, the gas circuit of supply use R2 is selected to the exit of the 

first adsorption - desorption tower 3a. The flow path is switched to a supply target, 

to which ozone is supplied, and a high concentration of ozone is delivered out. 

[0019] 

Further, the gas circuit of exhaust use RO is a circuit in which the first adsorption 

- desorption tower 3a and the second adsorption - desorption tower 3b are used as 
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the ones of adsorption use of ozone. The gas circuit of adsorption recovery use R1 is 

a circuit which is used in a case where the first adsorption - desorption tower 3a is 

used as the one of adsorption use of ozone, and the second adsorption - desorption 

tower 3b is used as the one of adsorption recovery use of ozone, which is leaked out 

from the first adsorption - desorption tower 3a, and also in a case where the second 

adsorption - desorption tower 3b is used as the one of adsorption use of ozone, and 

the first adsorption - desorption tower 3a is used as the one of adsorption recovery 

use of ozone, which is leaked out from the second adsorption - desorption tower 3b. 

Further, the gas circuit of supply use R2 is a circuit which delivers out a high 

concentration of ozone, from the first adsorption - desorption tower 3a and the second 

adsorption - desorption tower 3b, to a supply destination. 

[00201 

In a first adsorption process, the first gas circuit of exhaust use ROa which is 

shown in FIG. 2 and the first gas circuit of adsorption recovery use R la which is 

shown in FIG. 3 refer to the concentration of a gas which is discharged from the 

adsorption - desorption tower 3, and the choice of circuits is performed so that less 

amount of ozone is discharged to the outside of the ozone supply apparatus. 

As shown in FIG. 2, the first gas circuit of exhaust use ROa is formed by a control 

instruction from the control part 6, where the first circuit switching device 5a1 and 

the second circuit switching device 5a2 are both made in an opened state, and the 

third circuit switching device 5a3, the fourth circuit switching device 5a4, the fifth 

circuit switching device 5b1, the sixth circuit switching device 5b2, the seventh 

circuit switching device 5b3, and the eighth circuit switching device 5b4 are all made 

in a closed state. 
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[0021] 

In this first gas circuit of exhaust use ROa, gaseous material which contains 

oxygen is introduced from the gaseous material source 1 to the ozone generating 

portion 2, and the ozone generating portion 2 ozonizes the gaseous material. The 

ozonized gas which is produced in the ozone generating portion 2 passes through the 

first circuit switching device 5a1, and goes through in the direction from the first 

gateway 3a1 of the first adsorption - desorption tower 3a toward the second gateway 

3a2. Ozone therein is adsorbed in the adsorbent 4a which is stored on the inside of 

the first adsorption - desorption tower. 

The ozonized gas which is not adsorbed on the inside of the first adsorption - 

desorption tower 3a is discharged to the outside, through the first concentration 

measurement part 7a and the second circuit switching device 5a2. 

[0022] 

As shown in FIG. 3, the first gas circuit of adsorption recovery use Rla is formed 

by a control instruction from the control part 6, where the first circuit switching 

device 5a1, the third circuit switching device 5a3, and the sixth circuit switching 

device 5b2 are made in an opened state, and the second circuit switching device 5a2, 

the fourth circuit switching device 5a4, the fifth circuit switching device 5b1, the 

seventh circuit switching device 5b3, and the eighth circuit switching device 5b4 are 

made in a closed state. 

[0023] 

In this first gas circuit of adsorption recovery use Rla, gaseous material which 

contains oxygen is introduced from the gaseous material source 1 to the ozone 

generating portion 2, and the ozone generating portion 2 ozonizes the gaseous 
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material. The ozonized gas which is produced in the ozone generating portion 2 

passes through the first circuit switching device 5a1, and goes through in the 

direction from the first gateway 3a1 of the first adsorption - desorption tower 3a 

toward the second gateway 3a2. Ozone therein is adsorbed in the adsorbent 4a. 

[0024] 

The ozonized gas which is not adsorbed on the inside of the first adsorption - 

desorption tower 3a passes through the first concentration measurement part 7a and 

the third circuit switching device 5a3, and goes through in the direction from the 

first gateway 3b1 of the second adsorption - desorption tower 3b toward the second 

gateway 3b2. Ozone therein is adsorbed in the adsorbent 4b. The gas which is 

discharged from the second gateway 3b2 of the second adsorption - desorption tower 

3b is discharged to the outside, through the second concentration measurement part 

7b and the sixth circuit switching device 5b2. 

[0025] 

As for the gas circuit during an adsorption process, the control part 6 refers to 

measured values of the first concentration measurement part 7a and the second 

concentration measurement part 7b, which are input to the control part 6. In a case 

where ozone is the measurement gas, and in a case where the measured value of the 

first concentration measurement part 7a is not more than the measured value of the 

second concentration measurement part 7b, the first gas circuit of exhaust use ROa 

is chosen. Further, in a case where the measured value of the first concentration 

measurement part 7a is larger than the measured value of the second concentration 

measurement part 7b, the first gas circuit of adsorption recovery use R la is chosen. 

[0026] 
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Here, a case is shown in which ozone is a measurement gas of the first 

concentration measurement part 7a and the second concentration measurement part 

7b. However, in a case where this measurement gas is oxygen, different results are 

obtained and those are as follows. That is, in a case where the measurement gas is 

oxygen, and in a case where the measured value of the first concentration 

measurement part 7a is lower than the measured value of the second concentration 

measurement part 7b, the first gas circuit of adsorption recovery use Rla is chosen. 

In a case where the measured value of the first concentration measurement part 7a 

is not smaller than the measured value of the second concentration measurement 

part 7b, the first gas circuit of exhaust use ROa is chosen. 

[00271 

The control part 6 switches the flow path of a gas, according to the difference of 

the measured values of the first concentration measurement part 7a and the 

measured value of the second concentration measurement part 7b. Thereby, a gas 

circuit by which less amount of ozone is discharged to the outside can be choose. It 

is to be noted that, explanation is made about which to choose ozone or oxygen, as a 

target gas, which is measured in the first concentration measurement part 7a and 

the second concentration measurement part 7b. Since the dominant component of a 

gaseous material is oxygen, main gaseous components which are introduced in the 

first concentration measurement part 7a and the second concentration measurement 

part 7b are ozone and oxygen. Therefore, the concentration of ozone can be indirectly 

detected by measuring the concentration of oxygen. The magnitude relationship in 

measurement conditions becomes opposite, when the measurement gas is changed. 

[00281 
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When the control part 6 judges that a condition which is set up beforehand is 

fulfilled, for example, in a case where the amount of ozone adsorbed to the adsorbent 

4a, which is stored on the inside of the first adsorption - desorption tower 3a, reaches 

a fixed quantity, or in a case where a time relevant to adsorption elapses a 

predetermined time, or in a case where an operation shift signal is input from the 

outside, the control part 6 controls the circuit switching device 5, and thereby, the 

process shifts to a first supply process. 

[00291 

In the first supply process, the formation of a first gas circuit of supply use R2a 

which is shown in FIG. 4 is carried out. 

As is shown in FIG. 4A, the first gas circuit of supply use R2a is formed by a 

control instruction from the control part 6, where the fourth circuit switching device 

5a4 is made in an opened state, and the first circuit switching device 5a1, the second 

circuit switching device 5a2, the third circuit switching device 5a3, the fifth circuit 

switching device 5b1, the sixth circuit switching device 5b2, the seventh circuit 

switching device 5b3, and the eighth circuit switching device 5b4 are all made in a 

closed state. 

[00301 

In this first gas circuit of supply use R2a, the gas on the inside of the first 

adsorption - desorption tower 3a is discharged, from the first gateway 3a1 through 

the fourth circuit switching device 5a4, toward a supply target on the outside, that 

is, a demand point which is in need of ozone gas. 

In a case where a demand for the necessary quantity of ozone gas is brought from 

a demand point of ozone gas, the control part 6 grasps the difference from a steady 
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demand, as an amount of change. The control part 6 can supply an optimal amount 

of ozone, from the amount of ozone desorbing constantly, by changing the time for 

switching of the circuit switching device 5, according to the amount of change. When 

a calculated time for switching reaches, the control part 6 controls the circuit 

switching device 5, and thereby, the process shifts to a second adsorption process. In 

a case where the necessary quantity of ozone gas which is demanded from a demand 

point is other than a maximum value, the process will shift to a second adsorption 

process, while a part of the ozone gas remains in the adsorbent 4a, which is stored 

on the inside of the first adsorption - desorption tower 3a. 

[0031] 

In the second adsorption process, the control part 6 refers to the concentration of 

a gas which is discharged from the first adsorption - desorption tower 3a and the 

concentration of a gas which is discharged from the second adsorption - desorption 

tower 3b. Between the second gas circuit of exhaust use ROb which is shown in FIG. 

5 and the second gas circuit of adsorption recovery use R lb which is shown in FIG. 

6, the choice of circuits is performed so that less amount of ozone is discharged to the 

outside of the ozone supply apparatus. 

[0032] 

As shown in FIG. 5, the second gas circuit of exhaust use ROb is formed by a 

control instruction from the control part 6, where the fifth circuit switching device 

5b1 and the sixth circuit switching device 5b2 are both made in an opened state, and 

the first circuit switching device 5a1, the second circuit switching device 5a2, the 

third circuit switching device 5a3, the fourth circuit switching device 5a4, the 

seventh circuit switching device 5b3, and the eighth circuit switching device 5b4 are 
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all made in a closed state. 

[0033] 

In this second gas circuit of exhaust use R0b, the gaseous material which contains 

oxygen is introduced from the gaseous material source 1 to the ozone generating 

portion 2, and the ozone generating portion 2 ozonizes the gaseous material. The 

ozonized gas which is produced in the ozone generating portion 2 passes through the 

fifth circuit switching device 5b1, and goes through in the direction from the first 

gateway 3b1 of the second adsorption - desorption tower 3b toward the second 

gateway 3b2. Ozone which is included in the ozonized gas is adsorbed in the 

adsorbent 4b. 

The ozonized gas which is not adsorbed on the inside of the second adsorption - 

desorption tower 3b is discharged to the outside, through the second concentration 

measurement part 7b and the sixth circuit switching device 5b2. 

[0034] 

As shown in FIG. 6, the second gas circuit of adsorption recovery use Rlb is 

formed by a control instruction from the control part 6, where the fifth circuit 

switching device 5b1, the seventh circuit switching device 5b3, and the second circuit 

switching device 5a2 are all made in an opened state, and the first circuit switching 

device 5a1, the third circuit switching device 5a3, the fourth circuit switching device 

5a4, the sixth circuit switching device 5b2, and the eighth circuit switching device 

5b4 are all made in a closed state. 

[0035] 

In this second gas circuit of adsorption recovery use Rib, gaseous material which 

contains oxygen is introduced from the gaseous material source 1 to the ozone 
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generating portion 2, and the ozone generating portion 2 ozonizes the gaseous 

material. The ozonized gas which is produced in the ozone generating portion 2 

passes through the fifth circuit switching device 5b1, and goes through in the 

direction from the first gateway 3b1 of the second adsorption - desorption tower 3b 

toward the second gateway 3b2. Ozone which is included in the ozonized gas is 

adsorbed in the adsorbent 4b. 

[00361 

The ozonized gas which is not adsorbed on the inside of the second adsorption - 

desorption tower 3b passes through the second concentration measurement part 7b 

and the seventh circuit switching device 5b3, and goes through in the direction from 

the first gateway 3a1 of the first adsorption - desorption tower 3a toward the second 

gateway 3a2. Ozone therein is adsorbed in the adsorbent 4a on the inside of the first 

adsorption - desorption tower. The gas which is discharged from the second gateway 

3a2 of the first adsorption - desorption tower 3a will be discharged to the outside, 

through the first concentration measurement part 7a and the second circuit 

switching device 5a2. 

[00371 

The ozonized gas which is not adsorbed on the inside of the second adsorption - 

desorption tower 3b is introduced into the first gateway 3a1 of the first adsorption - 

desorption tower 3a for gas displacement. A high concentration of ozone, which 

remains in the first adsorption - desorption tower 3a in the first supply process, is 

pushed out by the gas displacement toward the second gateway 3a2 of the first 

adsorption - desorption tower 3a, and is discharged from the second gateway 3a2 to 

the outside portion of the ozone supply apparatus, after the elapse of a 
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predetermined time. 

Measured values by the first concentration measurement part 7a and measured 

values by the second concentration measurement part 7b are input in the control 

part 6. The control part 6 refers to those values, and determines the gas circuit 

during the adsorption process, depending on the following conditions. 

[0038] 

That is, in a case where the measurement gas is ozone, the second gas circuit of 

exhaust use ROb is chosen, in a case where the measured value of the first 

concentration measurement part 7a is lower than the measured value of the second 

concentration measurement part 7b, and the second gas circuit of adsorption 

recovery use R lb is chosen, in a case where the measured value of the first 

concentration measurement part 7a is not smaller than the measured value of the 

second concentration measurement part 7b. 

[0039] 

Further, in a case where the measurement gas is oxygen, and in a case where the 

measured value of the first concentration measurement part 7a is not more than the 

measured value of the second concentration measurement part 7b, the second gas 

circuit of adsorption recovery use R lb is chosen. In a case where the measured value 

of the first concentration measurement part 7a is higher than that of the measured 

value of the second concentration measurement part 7b, the second gas circuit of 

exhaust use ROb is chosen. 

[0040] 

Since the control part 6 performs those controls, a gas circuit by which less 

amount of ozone is discharged to the outside can be chosen. Further, it becomes 

 !



22 

possible to minimize the leakage of a high concentration of ozone which remains in 

the first adsorption - desorption tower 3a in the first supply process, and the leakage 

of ozone which is exhausted from the second adsorption - desorption tower 3b, 

without being adsorbed, in the second adsorption process. 

[0041] 

When the control part 6 judges that a condition which is set up beforehand is 

fulfilled, for example, in a case where the amount of ozone adsorbed to the adsorbent 

4b, which is stored on the inside of the second adsorption - desorption tower 3b, 

reaches a fixed quantity, or in a case where a time relevant to adsorption lapses a 

predetermined time, or in a case where an operation shift signal is input from the 

outside, the control part 6 controls the circuit switching device 5, and thereby, the 

process shifts to the second supply process. For that reason, the control part 6 holds 

information on the relation between adsorption time and amount adsorbed, with 

respect to the adsorbent 4a in the first adsorption - desorption tower 3a and the 

adsorbent 4b in the second adsorption - desorption tower 3b. 

[0042] 

In the second supply process, the formation of a second gas circuit of supply use 

R2b which is shown in FIG. 7 is carried out. 

As shown in FIG. 7, the second gas circuit of supply use R2b is formed by a control 

instruction from the control part 6, where the eighth circuit switching device 5b4 is 

made in an opened state, and the first circuit switching device Sal, the second circuit 

switching device 5a2, the third circuit switching device 5a3, the fourth circuit 

switching device 5a4, the fifth circuit switching device 5b1, the sixth circuit 

switching device 5b2, and the seventh circuit switching device 5b3 are all made in a 
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closed state. 

In this second gas circuit of supply use R2b, ozonized gas is delivered out from 

the first gateway 3b1 of the second adsorption - desorption tower 3b, through the 

eighth circuit switching device 5b4, toward a supply target on the outside, that is, a 

demand point which is in need of ozone. 

[0043] 

Also in this second supply process, like the first gas circuit of supply use R2a, the 

control part 6 grasps the difference with a steady demand, as an amount of change, 

in a case where a demand for the necessary quantity of ozone gas is brought from a 

demand point of ozone gas. The control part 6 can supply an optimal amount of ozone, 

from the amount of ozone desorbing constantly, by changing the time for switching 

of the circuit switching device 5, according to the amount of change. 

When the control part 6 judges that an operation shift signal is input from the 

outside, in a region where the rate of ozone which is desorbed from the adsorbent 4b 

is not more than 95 % of the amount of ozone absorbed, the control part 6 controls 

the circuit switching device 5, and thereby, the process shifts to the first adsorption 

process again, where the adsorbent 4b is stored on the inside of the second adsorption 

- desorption tower 3b, and the operation shift signal is issued according to the 

variation of a required injection rate. 

[0044] 

Next, in order to better understand the advantage of the ozone supply apparatus 

100 according to the Embodiment 1, Comparative example 1 will be explained. 

In the Comparative example 1, a case is taken up in which there are not provided 

with the first gas circuit of exhaust use ROa and the second gas circuit of exhaust 
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use 11013, which are gas circuits for discharging gases directly to the outside from the 

adsorption - desorption tower 3 of adsorption use. That is, the Comparative example 

1 is an example case in which the gas circuit in an adsorption process includes only 

the first gas circuit of adsorption recovery use Rla and the second gas circuit of 

adsorption recovery use Rlb. 

[0045] 

Since, in the Comparative example 1, the gas circuit in an adsorption process is 

only the gas circuit of adsorption recovery use R1, the gas which is leaked out from 

the adsorption - desorption tower of adsorption use is always introduced, during the 

process, into an adsorption - desorption tower of adsorption recovery use. Therefore, 

a high concentration of ozone, which remains at the end time of a supply process of 

a previous cycle, spends a longer period of time in being pushed out by gas 

displacement, toward the second gateway of the first adsorption - desorption tower. 

Accordingly, ozone gas has a growing risk to be discharged to the outside of the ozone 

supply apparatus. 

Next, detailed explanation will be made further about differences on the 

beneficial effect which is accompanied by the switching of gas circuits in the 

adsorption process of ozone, regarding the ozone supply apparatus 100 of the 

Embodiment 1 and the ozone supply apparatus of the Comparative example 1. 

[0046] 

FIG. 8 is a characteristic diagram, showing the change of the concentration of 

ozone with an elapsed time T, which is contrasted with the case of a gas circuit of 

adsorption recovery use R1 which is formed in the Comparative example 1, where 

the ozone is contained in an ozonized gas which is discharged from the adsorption - 
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desorption tower 3 to the outside, in the gas circuit of exhaust use RO and the gas 

circuit of adsorption recovery use R1, which are formed in the ozone supply 

apparatus 100 of the Embodiment 1. 

In FIG. 8, the vertical axis indicates the concentration of ozone discharged and 

the horizontal axis indicates the elapsed time. In this drawing, line A of solid line 

expresses the change with the passage of time, in the concentration of ozone 

discharged, in accordance with the Embodiment 1, and curve B of dotted line 

expresses the change with the passage of time, in the concentration of ozone 

discharged, in accordance with the Comparative example 1. Further, among arrows 

in the drawing, the arrows on the upper row according to the Comparative example 

1 express a state in which only the gas circuit R1 is employed, and the arrows on the 

lower row according to the Embodiment 1 express a state in which switching is 

performed between the gas circuit RO and the gas circuit R1. 

[0047] 

In a case of the Comparative example 1, since only the gas circuit of adsorption 

recovery use R1 is formed during the adsorption process, the gas which is leaked out 

from the adsorption - desorption tower of adsorption use is introduced into the 

adsorption - desorption tower of adsorption recovery use. Therefore, in the beginning 

stage of the adsorption process, a majority of gas which is discharged from the second 

gateway of the adsorption - desorption tower of adsorption recovery use is oxygen 

gas, and as a dashed line shows, the concentration of ozone gas which is discharged 

to the outside will be in a low state. However, in the end stage of the adsorption 

process, a high concentration of ozone which remains at the end time of a supply 

process of a previous cycle is discharged from the second gateway of the adsorption - 
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desorption tower of adsorption recovery use, and as a dashed line shows, the 

concentration of ozone gas which is discharged to the outside will be in a very high 

state. Therefore, most of the ozone manufactured will be discharged to the outside, 

and then, the utilization rate of ozone is decreased significantly. 

[00481 

By contrast, in the ozone supply apparatus 100 according to the Embodiment 1, 

the gas circuit of exhaust use RO or the gas circuit of adsorption recovery use R1 is 

chosen during the adsorption process, depending on the concentrations of gases 

which are discharged from the adsorption - desorption tower of adsorption use and 

the adsorption - desorption tower of adsorption recovery use. Therefore, in the 

beginning stage of the adsorption process, a majority of gas which is discharged from 

the second gateway of the adsorption - desorption tower of adsorption use is oxygen 

gas, and as a solid line shows, the concentration of ozone gas which is discharged to 

the outside will be in a low state. When the relation between the concentration of a 

gas which is discharged from the adsorption - desorption tower of adsorption use and 

the concentration of a gas which is discharged from the adsorption - desorption tower 

of adsorption recovery use changes, in the middle stage of then adsorption process, 

the gas circuit is switched from the gas circuit of exhaust use RO to the gas circuit of 

adsorption recovery use R1, by the control part 6. Thereby, as a solid line shows, the 

concentration of ozone gas which is discharged to the outside can be kept in a low 

state, also in the end stage of the adsorption process. Accordingly, since most of the 

ozone manufactured can be stored in the adsorption - desorption tower, the 

utilization rate of ozone can be kept in a high level. 

As explained above, since the ozone supply apparatus 100 according to the 
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Embodiment 1 can maintain the concentration of ozone gas in a low level, which is 

discharged to the outside of the ozone supply apparatus, compared with that of the 

Comparative example 1, a high utilization rate of ozone can be realized. 

[0049] 

Furthermore, in order to explain the advantage of the ozone supply apparatus 

100 according to the Embodiment 1, Comparative example 2 is taken up. 

In the ozone supply apparatus according to the Comparative example 2, it is 

assumed that in the switching of gas circuits in the adsorption process, no control is 

provided for switching from the gas circuit of adsorption recovery use R1 to the gas 

circuit of exhaust use RO. That is, the switching of gas circuits in the adsorption 

process deals a case in which switching is performed only from the gas circuit of 

exhaust use RO to the gas circuit of adsorption recovery use R1. 

Also in this Comparative example 2, like the case of the Embodiment 1, control 

for an opening and closing of the circuit switching device 5 is carried out by a control 

instruction from the control part 6, to form a first gas circuit of exhaust use RO and 

a second gas circuit of exhaust use R0b, a first gas circuit of adsorption recovery use 

R la and a second gas circuit of adsorption recovery use Rib, and a first gas circuit 

of supply use R2a and a second gas circuit of supply use R2b. 

[0050] 

In the Comparative example 2, switching of gas circuits in the adsorption process 

is performed only from the gas circuit of exhaust use RO to the gas circuit of 

adsorption recovery use Rl. Therefore, after the gas circuit is switched to the gas 

circuit of adsorption recovery use R1, the gas which is leaked out from the adsorption 

- desorption tower of adsorption use is introduced in the adsorption - desorption 
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tower of adsorption recovery use, till the adsorption process finishes. Accordingly, 

compared with the Embodiment 1, a high concentration of ozone which remains at 

the end time of a supply process of a previous cycle, spends a longer period of time 

in being pushed out by gas displacement, toward the second gateway of the first 

adsorption - desorption tower, and the high concentration ozone has a growing risk 

to be discharged to the outside of the ozone supply apparatus. 

Next, detailed explanation will be made further about differences on the 

beneficial effect which is accompanied by the switching of gas circuits in the 

adsorption process of ozone, regarding the ozone supply apparatus 100 of the 

Embodiment 1 and that of the Comparative example 2. 

[0051] 

FIG. 9 is a characteristic diagram showing the change of the concentration of 

ozone with a time elapsed, where the ozone is contained in an ozonized gas which is 

discharged from an adsorption - desorption tower to the outside, when operations 

are carried out for switching bidirectionally between a gas circuit of exhaust use RO 

and a gas circuit of adsorption recovery use R1, which are formed in the ozone supply 

apparatus 100 according to the Embodiment 1. The diagram is in contrast with a 

case of the Comparative example 2, where operations are carried out for switching 

unidirectionally from the gas circuit of exhaust use RO to the gas circuit of adsorption 

recovery use R1, which are formed in the ozone supply apparatus of the Comparative 

example 2. 

In FIG. 9, the vertical axis indicates the concentration of ozone discharged and 

the horizontal axis indicates the elapsed time. In this drawing, line A of solid line 

indicates the change with the passage of time, in the concentration of ozone 
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discharged, in accordance with the Embodiment 1. And curve C of dotted line 

indicates the change with the passage of time, in the concentration of ozone 

discharged, in accordance with the Comparative example 2. Further, among arrows 

in the drawing, the arrows on the upper row according to the Comparative example 

2 express a state of switching between the gas circuit RO and the gas circuit R1, and 

the arrows on the lower row according to the Embodiment 1 express a state of 

switching from the gas circuit RO to the gas circuit R1, and further, a state of 

switching from the gas circuit R1 to the gas circuit RO. 

In the beginning stage to the middle stage of the adsorption process, switching 

from the gas circuit of exhaust use RO to the gas circuit of adsorption recovery use 

R1 is conducted. In the operations until the switching is conducted, since the 

Embodiment 1 and the Comparative example 2 show the same tendency with regard 

to the time dependence of the concentration of ozone, which is discharged to the 

outside, detailed explanation here is omitted. 

[0052] 

In the Comparative example 2, the formation of the gas circuit of adsorption 

recovery use R1 is continued in the end stage of the adsorption process, irrespective 

of the concentration of ozone which is discharged from an adsorption - desorption 

tower of adsorption recovery use, and then, the gas which is leaked out from an 

adsorption - desorption tower of adsorption use is always introduced in an adsorption 

- desorption tower of adsorption recovery use. Therefore, a high concentration of 

ozone, which remains at the end time of a supply process of a previous cycle, is 

pushed out by gas displacement toward the second gateway of an adsorption - 

desorption tower, and then, is discharged to the outside of the ozone supply 
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apparatus. Thereby, as a dashed line shows, the concentration of ozone gas which is 

discharged to the outside will be in a high state. Accordingly, much of the ozone 

manufactured will be discharged to the outside and the utilization rate of ozone is 

deceased. 

On the other hand, in the ozone supply apparatus 100 according to the 

Embodiment 1, the gas circuit of exhaust use RO or the gas circuit of adsorption 

recovery use R1 is chosen during the adsorption process, depending on the 

concentrations of gases which are discharged from the adsorption - desorption tower 

of adsorption use and the adsorption - desorption tower of adsorption recovery use. 

Also in the end stage of the adsorption process, a high concentration of ozone, which 

remains at the end time of a supply process of a previous cycle, is pushed out by gas 

displacement toward the second gateway of an adsorption - desorption tower, and 

thereby, it is likely that the high concentration of ozone is discharged to the outside 

portion of the ozone supply apparatus. Since the gas circuit is switched from the gas 

circuit of adsorption recovery use R1 to the gas circuit of exhaust use RO, as a solid 

line shows, a state in which the concentration of ozone gas which is discharged to 

the outside can be kept in a low state, also in the end stage of the adsorption process. 

Therefore, since much of the ozone manufactured can be stored in an adsorption - 

desorption tower, the utilization rate of ozone can be maintained in a high level. 

[0053] 

As explained above, since the ozone supply apparatus 100 according to the 

Embodiment 1 can maintain the concentration of ozone gas in a low level, which is 

discharged to the outside of the ozone supply apparatus, compared with that of the 

Comparative example 2, a high utilization rate of ozone can be realized. 
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[0054] 

Explanation will be made about Improved example of the ozone supply apparatus 

100 according to the Embodiment 1. 

In this Improved example, the gas circuit of exhaust use RO is chosen in the 

adsorption process of the ozone supply apparatus 100 of the Embodiment 1, until a 

time elapses which is set up beforehand, or until a time elapses in which the 

concentration of a gas which is discharged from an adsorption - desorption tower of 

adsorption use reaches a concentration which is set up beforehand. After that, the 

switching of gas circuits will shift to the one in accordance with the concentration of 

gases which are discharged from an adsorption - desorption tower of adsorption use 

and an adsorption - desorption tower of adsorption recovery use. Therefore, the 

constitution of an ozone supply apparatus is the same as that of the Embodiment 1. 

[0055] 

Next, explanation will be made about the behavior of the ozone supply apparatus 

of the Improved example. 

Also in the ozone supply apparatus of this Improved example, control for an 

opening and closing of the circuit switching device 5 is carried out by a control 

instruction from the control part 6, like in a case of the Embodiment 1, to form the 

first gas circuit of exhaust use ROa and the second gas circuit of exhaust use R0b, 

the first gas circuit of adsorption recovery use Rla and the second gas circuit of 

adsorption recovery use R lb, and the first gas circuit of supply use R2a and the 

second gas circuit of supply use R2b. 

Hereinafter, explanation will be made about the switching behavior in the ozone 

supply apparatus of this Improved example, which includes the first gas circuit of 
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exhaust use ROa and the second gas circuit of exhaust use R0b, the first gas circuit 

of adsorption recovery use Ma and the second gas circuit of adsorption recovery use 

R1b, and the first gas circuit of supply use R2a and the second gas circuit of supply 

use R2b. 

[0056] 

In the beginning stage of the first adsorption process, control for an opening and 

closing of the circuit switching device 5 is carried out by a control instruction from 

the control part 6, to form the first gas circuit of exhaust use ROa which is shown in 

FIG. 2. The behavior and beneficial effects of the first gas circuit of exhaust use ROa, 

which is formed in this case, are the same as in the case of the Embodiment 1 ( FIG. 

2 ). 

In the ozone supply apparatus, the formation of the first gas circuit of exhaust 

use ROa is continued, until a time elapses which is set beforehand in the control part 

6, or until a time elapses in which the concentration of a gas which is discharged 

from an adsorption - desorption tower of adsorption use reaches a concentration 

which is set beforehand in the control part 6. When either a condition about the time 

or a condition about the concentration is fulfilled, the control part 6 starts the control 

to switch the gas circuits of the first gas circuit of exhaust use ROa and the gas circuit 

of adsorption recovery use R1a, depending on the relation between the 

concentrations of a gas which is discharged from an adsorption - desorption tower of 

adsorption use and the concentration of a gas which is discharged from an adsorption 

- desorption tower of adsorption recovery use. 

[0057] 

In the middle stage of the first adsorption process, control for an opening and 
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closing of the circuit switching device 5 is carried out by a control instruction from 

the control part 6, to form the first gas circuit of adsorption recovery use R la which 

is shown in FIG. 3. The behavior and beneficial effects of the first gas circuit of 

adsorption recovery use R1 a, which is formed in this case, are the same as in the 

case of the Embodiment 1 ( FIG. 3 ). 

In the first supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the first gas circuit of supply use R2a which is shown in FIG. 4. The behavior 

and beneficial effects of the first gas circuit of supply use R2a, which is formed in 

this case, are the same as in the case of the Embodiment 1 ( FIG. 4 ). 

[00581 

In the beginning stage of the second adsorption process, control for an opening 

and closing of the circuit switching device 5 is carried out by a control instruction 

from the control part 6, to form the second gas circuit of exhaust use ROb which is 

shown in FIG. 5. The behavior and beneficial effects of the second gas circuit of 

exhaust use 11013, which is formed in this case, are the same as in the case of the 

Embodiment 1 ( FIG. 5 ). 

In this Improved example, the formation of the second gas circuit of exhaust use 

ROb is continued, until a time elapses which is set beforehand in the control part 6, 

or until a time elapses in which the concentration of a gas which is discharged from 

an adsorption - desorption tower of adsorption use reaches a concentration which is 

set beforehand in the control part 6. When either a condition about the time or a 

condition about the concentration is fulfilled, the control part 6 starts the control to 

switch the gas circuits of the second gas circuit of exhaust use ROb and the second 
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gas circuit of adsorption recovery use R lb, depending on the relation between the 

concentration of a gas which is discharged from an adsorption - desorption tower of 

adsorption use and the concentration of a gas which is discharged from an adsorption 

- desorption tower of adsorption recovery use. 

In the middle stage of the second adsorption process, control for an opening and 

closing of the circuit switching device 5 is carried out by a control instruction from 

the control part 6, to form the second gas circuit of adsorption recovery use R lb which 

is shown in FIG. 6. The behavior and beneficial effects of the second gas circuit of 

adsorption recovery use Rib, which is formed in this case, are the same as in the 

case of the Embodiment 1 ( FIG. 6 ). 

In the second supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of supply use R2b which is shown in FIG. 7. The behavior 

and beneficial effects of the second gas circuit of supply use R2b, which is formed in 

this case, are the same as in the case of the Embodiment 1. 

[0059] 

Next, explanation will be made about differences on the beneficial effect which is 

accompanied by the switching of gas circuits in the adsorption process of ozone, 

regarding the ozone supply apparatus 100 of the Embodiment 1 and that of the 

Improved example. 

FIG. 10 is a characteristic diagram, showing the change of a concentration of 

ozone with the elapsed time, where the ozone is contained in the ozonized gas, which 

is discharged from the adsorption - desorption tower 3 to the outside, when 

operations are carried out for switching bidirectionally between a gas circuit of 
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exhaust use RO and a gas circuit of adsorption recovery use R1. Those gas circuits 

are formed in the ozone supply apparatus 100 according to the Embodiment 1 and 

the Improved example. 

In FIG. 10, the vertical axis indicates the concentration of ozone discharged and 

the horizontal axis indicates the elapsed time. In this drawing, line A of solid line 

indicates the change with the passage of time, in the concentration of ozone 

discharged, in accordance with the Embodiment 1, and curve D of dotted line 

indicates the change with the passage of time, in the concentration of ozone 

discharged, in accordance with the Improved example. Moreover, among arrows in 

the drawing, the arrows on the upper row according to the Improved example express 

a state of switching between the gas circuit RO and the gas circuit R1, and the arrows 

on the lower row according to the Embodiment 1 express a state of switching from 

the gas circuit RO to the gas circuit R1, and in addition, a state of switching from the 

gas circuit R1 to the gas circuit RO. 

In the beginning stage to the middle stage of the adsorption process, switching 

from the gas circuit of exhaust use RO to the gas circuit of adsorption recovery use 

R1 is conducted. In the operations until the switching is conducted, the ozone supply 

apparatus 100 of the Embodiment 1 and that of the Improved example show the 

same tendency with regard to the time dependence of the concentration of ozone, 

which is discharged to the outside. 

[00601 

In the ozone supply apparatus 100 according to the Embodiment 1, the gas circuit 

of exhaust use RO or the gas circuit of adsorption recovery use R1 is always chosen 

during the adsorption process, depending on the concentrations of gases which are 
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discharged from the adsorption - desorption tower of adsorption use and the 

adsorption - desorption tower of adsorption recovery use. In the middle stage of the 

adsorption process, switching of gas circuits is carried out, even in a case where the 

concentrations of ozone gases, which are discharged from an adsorption - desorption 

tower of adsorption use and an adsorption - desorption tower of adsorption recovery 

use, are both small. Therefore, in the end stage of the adsorption process, the gas 

circuit of adsorption recovery use R1 is formed, and then, a high concentration of 

ozone remains at the end time of a supply process of a previous cycle, which is pushed 

out by gas displacement toward the second gateway of an adsorption - desorption 

tower. Accordingly, the high concentration of ozone can be discharged to the outside 

of the ozone supply apparatus. In that case, since the gas circuit is switched from the 

gas circuit of adsorption recovery use R1 to the gas circuit of exhaust use RO, a state 

in which the concentration of an ozone gas which is discharged to the outside is in a 

low level can be maintained, also in the end stage of the adsorption process, as a 

dashed line in FIG. 10 shows. Therefore, since most of the ozone manufactured can 

be stored in an adsorption - desorption tower, the utilization rate of ozone can be 

maintained in a high level. That is, when the desorption of ozone is finished, ozone 

which is adsorbed is made to remain on the inside of an adsorption - desorption tower. 

Thereby, it becomes possible to restrict the quantity of ozone to be supplied. In other 

words, it becomes possible to control the quantity to be supplied, according to the 

quantity required by a supply destination. 

[0061] 

In the ozone supply apparatus pertinent to the case of the Improved example, the 

formation of the second gas circuit of exhaust use ROb is continued, until a time 
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elapses which is set beforehand in the control part 6, or until a time elapses in which 

the concentration of a gas which is discharged from an adsorption - desorption tower 

of adsorption use reaches a concentration which is set beforehand in the control part 

6. After that, namely, after a predetermined time elapses, the switching of gas 

circuits shifts to a switching of gas circuits which refers to the concentrations of gases 

which are discharged from the adsorption - desorption tower of adsorption use and 

the adsorption tower of adsorption recovery use. Therefore, in a case where, in the 

middle stage of the adsorption process, the concentrations of ozone gases which are 

discharged from the adsorption - desorption tower of adsorption use and the 

adsorption - desorption tower of adsorption recovery use are both small, the gas 

circuit of exhaust use RO will be chosen. Since the timing of a switching of gas circuits 

shifts to a final stage side, it becomes possible to delay the leakage of a high 

concentration of ozone to the outside, which remains at the end time of a supply 

process of a previous cycle, in the end stage of the adsorption process. Thereby, the 

maximum value of the concentration of ozone to be discharged is lowered, compared 

with the ozone supply apparatus 100 according to the Embodiment 1, and the ozone 

use efficiency can be further improved. 

As explained above, in the ozone supply apparatus 100 according to this 

Embodiment 1, since the concentration of an ozone gas which is discharged to the 

outside of the ozone supply apparatus can be maintained in a low level, a high 

utilization rate of ozone can be realized. 

[0062] 

Embodiment 2 . 

Explanation will be made about an ozone supply apparatus 200 according to the 
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Embodiment 2, based on FIG. 11. 

Explanation is made about differences between the ozone supply apparatus 200 

of the Embodiment 2 and the ozone supply apparatus 100 of the Embodiment 1. In 

the Embodiment 1, reference values for the switching of gas circuits in the adsorption 

process employ the concentration of ozone and the concentration of oxygen which are 

measured in the first concentration measurement part 7a and the second 

concentration measurement part 7b. On the other hand, in the Embodiment 2, 

referring is made to temperatures measured in a first temperature measurement 

part 8a which is installed in the upper portion of the first adsorbent 4a on the inside 

of the first adsorption - desorption tower 3a, and a second temperature measurement 

part 8b which is installed in the upper portion of the second adsorbent 4b on the 

inside of the second adsorption - desorption tower 3b. 

Since other compositions are the same as in the case of the Embodiment 1, the 

same code is given to a component part which corresponds to or is equivalent to that 

of the Embodiment 1 which is shown in FIG. 1, and detailed explanation is omitted 

here. 

Next, explanation will be made about the behavior of the ozone supply apparatus 

200. 

In the ozone supply apparatus 200 according to the Embodiment 2, like in a case 

of the Embodiment 1, control for an opening and closing of the circuit switching 

device 5 is carried out by a control instruction from the control part 6, to form a first 

gas circuit of exhaust use ROa and a second gas circuit of exhaust use ROb, a first 

gas circuit of adsorption recovery use R la and a second gas circuit of adsorption 

recovery use R lb, and a first gas circuit of supply use R2a and a second gas circuit 
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of supply use R2b. 

[0063] 

Hereinafter, explanation will be further made in more detail, about compositions 

and their actions of this ozone supply apparatus 200, which includes the first gas 

circuit of exhaust use ROa and the second gas circuit of exhaust use ROb, the first 

gas circuit of adsorption recovery use R la and the second gas circuit of adsorption 

recovery use R lb, and the first gas circuit of supply use R2a and the second gas 

circuit of supply use R2b. 

In the first adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the first gas circuit of exhaust use ROa which is shown in FIG. 2 and the first 

gas circuit of adsorption recovery use R la which is shown in FIG. 3. The behavior 

and beneficial effects of the first gas circuit of exhaust use ROa and the first gas 

circuit of adsorption recovery use R la, each of which is formed in this case, are the 

same as in the case of the Embodiment 1 ( FIG. 2 and FIG. 3 ). 

In the ozone supply apparatus 200, the control part 6 refers to measured values 

of the first temperature measurement part 8a and the second temperature 

measurement part 8b, which are input into the control part 6. In a case where the 

measured value of the first temperature measurement part 8a is not more than the 

measured value of the second temperature measurement part 8b, the first gas circuit 

of exhaust use ROa is chosen as the gas circuit during the adsorption process. 

Moreover, in a case where the measured value of the first temperature measurement 

part 8a is higher than the measured value of the second temperature measurement 

part 8b, the control part 6 controls so that the first gas circuit of adsorption recovery 
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use Rla is chosen. 

[0064] 

Since the control part 6 controls a circuit switching device so that gas circuits are 

switched, a gas circuit by which less amount of ozone is discharged to the outside can 

be chosen. 

When the control part 6 judges that a condition which is set up beforehand is 

fulfilled, for example, in a case where the amount of ozone adsorbed to the adsorbent 

4a, which is stored in the first adsorption - desorption tower 3a, reaches a fixed 

quantity, or in a case where a time relevant to adsorption elapses a predetermined 

time, or in a case where an operation shift signal is input from the outside, the 

control part 6 controls the circuit switching device 5, and thereby, the process shifts 

to a first supply process. 

[0065] 

In the first supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the first gas circuit of supply use R2a which is shown in FIG. 4. The behavior 

and beneficial effects of the first gas circuit of supply use R2a, which is formed in 

this case, are the same as those of the Embodiment 1. 

In the second adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of exhaust use ROb which is shown in FIG. 5. The 

behavior and beneficial effects of the second gas circuit of exhaust use R0b, which is 

formed in this case, are the same as those of the Embodiment 1. 

In the middle stage of the second adsorption process, control for an opening and 
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closing of the circuit switching device 5 is carried out by a control instruction from 

the control part 6, to form the second gas circuit of adsorption recovery use R lb which 

is shown in FIG. 6. The behavior and beneficial effects of the second gas circuit of 

adsorption recovery use R lb, which is formed in this case, are the same as those of 

the Embodiment 1. 

[0066] 

The control part 6 refers to the measured values of the first temperature 

measurement part 8a and the second temperature measurement part 8b, which are 

input into the control part 6. In a case where the measured value of the first 

temperature measurement part 8a is lower than the measured value of the second 

temperature measurement part 8b, it is set up that the control part 6 may choose 

the second gas circuit of adsorption recovery use Rib, and in a case where the 

measured value of the first temperature measurement part 8a is not smaller than 

the measured value of the second temperature measurement part 8b, it is set up that 

the control part 6 may choose the second gas circuit of exhaust use ROb. 

[0067] 

Since the control part 6 controls the circuit switching device 5, a gas circuit by 

which less amount of ozone is discharged to the outside can be chosen. Thereby, it 

becomes possible to minimize the leakage of a high concentration of ozone which 

remains in the adsorption - desorption tower 3a in the first supply process, and the 

leakage of ozone which is exhausted from the adsorption - desorption tower 3b, 

without being adsorbed, in the second adsorption process. 

In the second supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 
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form the second gas circuit of supply use R2b which is shown in FIG. 7. The behavior 

and beneficial effects of the second gas circuit of supply use R2b, which is formed in 

this case, are the same as in the case of the Embodiment 1. 

As explained above, the ozone supply apparatus 200 according to the 

Embodiment 2 is equipped with a temperature measurement part 8, and performs 

the switching of gas circuits which refers to a temperature measured. Thereby, a 

high utilization rate of ozone can be realized, like the ozone supply apparatus 100 

according to the Embodiment 1, also in the composition where even the concentration 

measurement part 7 is not equipped. 

[0068] 

Embodiment 3 . 

Explanation will be made about an ozone supply apparatus 300 according to the 

Embodiment 3, based on FIG. 12. 

The difference between the ozone supply apparatus 300 of the Embodiment 3 and 

the ozone supply apparatus 100 of the Embodiment 1 lies in that the ozone supply 

apparatus 300 is equipped with an ozone decomposing installation 9 which 

decomposes an ozone gas which is discharged from an adsorption - desorption tower 

3, and a third temperature measurement part 8c which measures the temperature 

of a gas which is discharged from the ozone decomposing installation 9. The ozone 

supply apparatus 300 refers to the temperature measured in the third temperature 

measurement part 8c, as a reference value for the switching of gas circuits, in an 

adsorption process. 

[0069] 

The ozone decomposing installation 9 is the one which decomposes ozone gas 
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which will be introduced, and changes it into oxygen gas. Those examples of the 

installation include an installation which employs a thermal decomposition system 

in which ozone gas is decomposed by heating, or an installation which employs a 

catalyst system in which ozone gas is decomposed using a decomposition catalyst 

such as manganese. 

The third temperature measurement part 8c measures the temperature of a gas 

whose ozone has been already decomposed in the ozone decomposing installation 9. 

The decomposition heat of ozone is produced, according to the amount of ozone which 

is introduced into the ozone decomposing installation 9. Since the temperature of the 

gas rises, the amount of ozone gas introduced can be estimated by measuring a 

temperature of the outlet gas of the ozone decomposing installation 9. Therefore, 

when the measured temperature of a gas reaches a predetermined value, the 

detection can be used for controlling. 

[00701 

Since other compositions are the same as in the case of the Embodiment 1, the 

same code is given to a component part which corresponds to or is equivalent to that 

of the Embodiment 1 which is shown in FIG. 1, and detailed explanation is omitted 

here. 

Next, explanation is made about the behavior of the ozone supply apparatus 300. 

Also in the ozone supply apparatus 300 of the Embodiment 3, control for an 

opening and closing of the circuit switching device 5 is carried out by a control 

instruction from the control part 6, like the case of the Embodiment 1, to form a first 

gas circuit of exhaust use ROa and a second gas circuit of exhaust use R0b, a first 

gas circuit of adsorption recovery use R la and a second gas circuit of adsorption 
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recovery use R lb, and a first gas circuit of supply use R2a and a second gas circuit 

of supply use R2b. 

[0071] 

Hereinafter, explanation will be made about the constitutions and their actions 

of this ozone supply apparatus 300, which includes the first gas circuit of exhaust 

use ROa and the second gas circuit of exhaust use R0b, the first gas circuit of 

adsorption recovery use R la and the second gas circuit of adsorption recovery use 

R lb, and the first gas circuit of supply use R2a and the second gas circuit of supply 

use R2b. 

In the first adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the first gas circuit of exhaust use ROa which is shown in FIG. 2 and the first 

gas circuit of adsorption recovery use R la which is shown in FIG. 3. The behavior 

and beneficial effects of the first gas circuit of exhaust use ROa and the first gas 

circuit of adsorption recovery use R la, each of which is formed in this case, are the 

same as in the case of the Embodiment 1 ( FIG. 2 and FIG. 3 ). 

[0072] 

In the ozone supply apparatus 300, a first temperature setting value A and a 

second temperature setting value B ( however, the first temperature setting value A 

is supposed to be lower than the second temperature setting value B ) are set 

beforehand in the control part 6, and the gas circuit during the adsorption process 

depends on those temperature setting values. When the measured value in the third 

temperature measurement part 8c which is input into the control part 6 fulfils the 

conditions shown below, the control part 6 performs a circuit switching. 
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That is, in a case where the measured value of the third temperature 

measurement part 8c is not more than the first temperature setting value A, the first 

gas circuit of exhaust use ROa is chosen. In a case where the measured value in the 

third temperature measurement part 8c is a value between the first temperature 

setting value A and the second temperature setting value B, the first gas circuit of 

adsorption recovery use II la is chosen. In a case where the measured value in the 

third temperature measurement part 8c is not smaller than the second temperature 

setting value B, the first gas circuit of exhaust use ROa is chosen. 

[0073] 

Since the control part 6 performs the control which is in accordance with the 

measured value of the third temperature measurement part 8c, the control part 6 

can choose a gas circuit by which less amount of ozone is discharged to the outside, 

based on the concentration of ozone which is estimated from the measured value of 

the third temperature measurement part 8c. 

When the control part 6 judges that a condition which is set up beforehand is 

fulfilled, for example, in a case where the amount of ozone adsorbed to the adsorbent 

4a, which is stored on the inside of the first adsorption - desorption tower 3a, reaches 

a predetermined quantity, or in a case where a time relevant to adsorption elapses a 

predetermined time, or in a case where an operation shift signal is input from the 

outside, the control part 6 controls the circuit switching device 5, and thereby, the 

process shifts to a first supply process. 

[0074] 

In the first supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 
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form the first gas circuit of supply use R2a which is shown in FIG. 4. The behavior 

and beneficial effects of the first gas circuit of supply use R2a, which is formed in 

this case, are the same as in the case of the Embodiment 1. 

In the second adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of exhaust use ROb which is shown in FIG. 5. The 

behavior and beneficial effects of the second gas circuit of exhaust use R0b, which is 

formed in this case, are the same as in the case of the Embodiment 1. 

In the second adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of adsorption recovery use R lb which is shown in FIG. 6. 

The behavior and beneficial effects of the second gas circuit of adsorption recovery 

use Rib, which is formed in this case, are the same as in the case of the Embodiment 

1. 

[00751 

In the ozone supply apparatus 300, a first temperature setting value A and a 

second temperature setting value B ( however, the first temperature setting value A 

is supposed to be lower than the second temperature setting value B ) are set 

beforehand in the control part 6, and the gas circuit during the adsorption process 

depends on those temperature setting values. When the measured value in the third 

temperature measurement part 8c which is input into the control part 6 fulfills a 

condition shown below, the control part 6 performs a circuit switching. 

That is, in a case where the measured value in the third temperature 

measurement part 8c is not more than the first temperature setting value A, the 
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second gas circuit of exhaust use ROb is chosen. In a case where the measured value 

in the third temperature measurement part 8c is a value between the first 

temperature setting value A and the second temperature setting value B, the second 

gas circuit of adsorption recovery use Rlb is chosen. In a case where the measured 

value in the third temperature measurement part 8c is not smaller than the second 

temperature setting value B, the second gas circuit of exhaust use ROb is chosen. 

[00761 

Since the control part 6 performs the control which is in accordance with the 

measured value in the third temperature measurement part 8c, the control part 6 

can choose a gas circuit by which less amount of ozone is discharged to the outside, 

based on the concentration of ozone which is estimated from the measured value in 

the third temperature measurement part 8c. It becomes possible to minimize the 

leakage of a high concentration of ozone which remains in the adsorption - desorption 

tower 3a in the first supply process, and the leakage of the ozone which is exhausted 

from the adsorption - desorption tower 3b, without being adsorbed, in the second 

adsorption process. 

In the second supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of supply use R2b which is shown in FIG. 7. The behavior 

and beneficial effects of the second gas circuit of supply use R2b, which is formed in 

this case, are the same as in the case of the Embodiment 1. 

As explained above, the ozone supply apparatus 300 according to the 

Embodiment 3 is equipped with the ozone decomposing installation 9 and the third 

temperature measurement part 8c, and performs the switching of gas circuits which 
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refers to the temperature measured. Thereby, a high utilization rate of ozone can be 

realized, like the ozone supply apparatus 100 according to the Embodiment 1, also 

in the composition where even the concentration measurement part 7 is not equipped. 

[0077] 

Embodiment 4 . 

Explanation is made about an ozone supply apparatus 400 according to the 

Embodiment 4, based on FIG. 13. 

The difference between the ozone supply apparatus 400 of the Embodiment 4 and 

the ozone supply apparatus 100 of the Embodiment 1 lies in a point where the ozone 

supply apparatus 400 is equipped with a third concentration measurement part 7c 

which measures the concentration of an ozone gas which is supplied to the gas circuit 

on the flow path, for suppling an ozone gas to a supply target from an adsorption - 

desorption tower 3, and a flow rate measurement part 10 which measures a flow rate. 

In the control part 6, an amount of ozone supply is calculated from the concentration 

of ozone which is measured in the third concentration measurement part 7c and the 

flow rate of ozone which is measured in the flow rate measurement part 10. The 

ozone supply apparatus 400 refers to the amount of ozone supply, as a reference value 

of the switching of gas circuits in the adsorption process. 

[0078] 

An amount of ozone supply Q1 is calculated by the following calculus equation in 

the control part 6, using a concentration of ozone C1 which is measured in the third 

concentration measurement part 7c, a flow rate of ozone F1 which is measured in 

the flow rate measurement part 10, and a supply time Ti. 

Amount of ozone supply Qi = E ( Concentration of ozone Ci x Flow rate of ozone 
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Fi ) ( i = 0 - T1 ) 

By deducting the amount of ozone supply Q1 from an amount of ozone adsorbed Q2, 

a residue amount of ozone Q3 can be estimated, where Q1 is calculated by the above 

calculus equation, Q2 is set up beforehand, and Q3 is an ozone amount on the inside 

of an adsorption - desorption tower, after a supply process is finished. 

Since other compositions are the same as in the case of the Embodiment 1, the 

same code is given to a component part which corresponds to or is equivalent to that 

of the Embodiment 1 which is shown in FIG. 1, and detailed explanation is omitted 

here. 

[0079] 

Next, explanation will be made about the behavior of the ozone supply apparatus 

400. 

Also in the ozone supply apparatus 400 of the Embodiment 4, control for an 

opening and closing of the circuit switching device 5 is carried out by a control 

instruction from the control part 6, like in the case of the Embodiment 1, to form a 

first gas circuit of exhaust use ROa and a second gas circuit of exhaust use R0b, a 

first gas circuit of adsorption recovery use R la and a second gas circuit of adsorption 

recovery use 11 lb, and a first gas circuit of supply use R2a and a second gas circuit 

of supply use R2b. 

[0080] 

Hereinafter, explanation will be made about compositions and their actions of 

this ozone supply apparatus 400, which includes the first gas circuit of exhaust use 

ROa and the second gas circuit of exhaust use R0b, the first gas circuit of adsorption 

recovery use Rla and the second gas circuit of adsorption recovery use Rib, and the 
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first gas circuit of supply use R2a and the second gas circuit of supply use R2b. 

In the first adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the first gas circuit of exhaust use ROa which is shown in FIG. 2 and the first 

gas circuit of adsorption recovery use R la which is shown in FIG. 3. The behavior 

and beneficial effects of the first gas circuit of exhaust use ROa and the first gas 

circuit of adsorption recovery use R la, each of which is formed in this case, are the 

same as in the case of the Embodiment 1 ( FIG. 2 and FIG. 3 ). 

[0081] 

In the ozone supply apparatus 400, a first ozone remain preset value A and a 

second ozone remain preset value B are set beforehand in the control part 6 ( however, 

the first ozone remain preset value A is supposed to be lower than the second ozone 

remain preset value B ), and the gas circuit during the first adsorption process 

depends on those preset values. When a residue amount of ozone Q3 which is 

calculated in the control part 6 is within the following conditions, the control part 6 

performs a circuit switching. 

First of all, in a case where the residue amount of ozone Q3 is not more than the 

first ozone remain preset value A, the first gas circuit of adsorption recovery use Rla 

is chosen, and no switching of gas circuits is performed. 

Next, in a case where the residue amount of ozone Q3 is in a state between the 

first ozone remain preset value A and the second ozone remain preset value B, the 

gas circuit is switched from the first gas circuit of exhaust use ROa to the first gas 

circuit of adsorption recovery use R1a, after a switch time elapses which is set 

beforehand in the control part 6. 
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Furthermore, in a case where the residue amount of ozone Q3 is not smaller than 

the second ozone remain preset value B, the first gas circuit of exhaust use ROa is 

chosen, and no switching of gas circuits is performed. 

[0082] 

Since the control part 6 controls the switching of gas circuits, a gas circuit by 

which less amount of ozone is discharged to the outside can be chosen, from the 

calculated residue amount of ozone Q3. 

When the control part 6 judges that a condition which is set up beforehand is 

fulfilled, for example, in a case where the amount of ozone adsorbed to the adsorbent 

4a, which is stored on the inside of the first adsorption - desorption tower 3a, reaches 

a fixed quantity, or in a case where a time relevant to adsorption elapses a 

predetermined time, or in a case where an operation shift signal is input from the 

outside, the control part 6 controls the circuit switching device 5, and thereby, the 

process shifts to the first supply process. 

[0083] 

In the first supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6 to 

form the first gas circuit of supply use R2a which is shown in FIG. 4. Since the 

behavior and beneficial effects of the first gas circuit of supply use R2a, which is 

formed in this case, are the same as in the case of the Embodiment 1 ( FIG. 4 ), 

detailed explanation is omitted here. 

In the second adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of exhaust use ROb which is shown in FIG. 5. Since the 
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behavior and beneficial effects of the second gas circuit of exhaust use R013, which is 

formed in this case, are the same as in the case of the Embodiment 1 ( FIG. 5 ), 

detailed explanation is omitted here. 

In the second adsorption process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of adsorption recovery use Rib which is shown in FIG. 6. 

Since the behavior and beneficial effects of the second gas circuit of adsorption 

recovery use Rib, which is formed in this case, are the same as in the case of the 

Embodiment 1 (FIG. 6 ), detailed explanation is omitted here. 

[0084] 

In the ozone supply apparatus 400, a first ozone remain preset value A and a 

second ozone remain preset value B are set beforehand in the control part 6 ( however, 

the first ozone remain preset value A is supposed to be lower than the second ozone 

remain preset value B ), and the gas circuit during the second adsorption process 

depends on those preset values. In a case where a residue amount of ozone Q3 which 

is calculated in the control part 6 is within the following conditions, the control part 

6 performs a circuit switching, according to the contents. 

First of all, in a case where the residue amount of ozone Q3 is not more than the 

first ozone remain preset value A, the second gas circuit of adsorption recovery use 

Rib is chosen, and no switching of gas circuits is performed. 

Next, in a case where the residue amount of ozone Q3 is in a state between the 

first ozone remain preset value A and the second ozone remain preset value B, the 

gas circuit is switched from the second gas circuit of exhaust use ROb to the second 

gas circuit of adsorption recovery use R lb, after a switch time elapses which is set 
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beforehand in the control part 6. 

Furthermore, in a case where the residue amount of ozone Q3 is not smaller than 

the second ozone remain preset value B, the second gas circuit of exhaust use ROb is 

chosen, and no switching of gas circuits is performed. 

[00851 

Since the control part 6 controls the switching of gas circuits, a gas circuit by 

which less amount of ozone is discharged to the outside can be chosen, based on the 

calculated residue amount of ozone Q3. It becomes possible to minimize the leakage 

of a high concentration of ozone which remains in the adsorption - desorption tower 

3a, in the first supply process, and the leakage of the ozone which is exhausted from 

the adsorption - desorption tower 3b, without being adsorbed, in the second 

adsorption process. 

In the second supply process, control for an opening and closing of the circuit 

switching device 5 is carried out by a control instruction from the control part 6, to 

form the second gas circuit of supply use R2b which is shown in FIG. 7. The behavior 

and beneficial effects of the second gas circuit of supply use R2b, which is formed in 

this case, are the same as in the case of the Embodiment 1. 

[00861 

As explained above, the ozone supply apparatus 400 according to the 

Embodiment 4 is equipped with a third concentration measurement part 7c and a 

flow rate measurement part 10, and performs the switching of gas circuits which 

refers to an ozone supply amount, where the control part 6 calculates the ozone 

supply amount, from the concentration of ozone which is measured in the third 

concentration measurement part 7c, and the ozone flow rate which is measured in 
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the flow rate measurement part 10. Thereby, a high utilization rate of ozone can be 

realized, like the ozone supply apparatus 100 according to the Embodiment 1, also 

in the composition where even the concentration measurement part 7 is not equipped. 

[0087] 

It is to be noted that, the control part 6 is composed of a processor 600 and a 

storage device 601, as FIG. 14 shows an example of the hardware. The storage device 

is provided with volatile memory devices, such as random access memories, and 

nonvolatile auxiliary storage devices, such as flash memories, which are not shown 

in the drawing. Further, the storage device is provided with auxiliary storage devices 

of hard disks, instead of flash memories. The processor 600 executes a program 

which is input from the storage device 601. In this case, the program is input into 

the processor 600, via volatile memory devices, from auxiliary storage devices. 

Further, the processor 600 is allowed to output data of calculated results and others 

to the volatile memory devices of the storage device 601, and is also allowed to save 

the data, via the volatile memories, in the auxiliary storage device. 

[0088] 

Although the present application is described above in terms of various 

exemplary embodiments and implementations, it should be understood that the 

various features, aspects and functionality described in one or more of the individual 

embodiments are not limited in their applicability to the particular embodiment with 

which they are described, but instead can be applied, alone or in various 

combinations to one or more of the embodiments. It is therefore understood that 

numerous modifications which have not been exemplified can be devised without 

departing from the scope of the present application. For example, at least one of the 
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constituent components may be modified, added, or eliminated. At least one of the 

constituent components mentioned in at least one of the preferred embodiments may 

be selected and combined with the constituent components mentioned in another 

preferred embodiment. 

EXPLANATION OF NUMERALS AND SYMBOLS 

[0089] 

1 Gaseous material source, 2 Ozone generating portion, 3a First adsorption - 

desorption tower, 3a1 and 3b1 First gateway, 3a2 and 3b2 Second gateway, 3b Second 

adsorption - desorption tower, 4a and 4b Adsorbent, 5 Circuit switching device, 5a1 

First circuit switching device, 5a2 Second circuit switching device, 5a3 Third circuit 

switching device, 5a4 Fourth circuit switching device, 5b1 Fifth circuit switching 

device, 5b2 Sixth circuit switching device, 5b3 Seventh circuit switching device, 5b4 

Eighth circuit switching device, 6 Control part, 7a First concentration measurement 

part, 7b Second concentration measurement part, 7c Third concentration 

measurement part, 8a First temperature measurement part, 8b Second temperature 

measurement part, 8c Third temperature measurement part, 9 Ozone decomposing 

installation, 10 Flow rate measurement part, 100, 200, 300 and 400 Ozone supply 

apparatus, RO Gas circuit of exhaust use, ROa First gas circuit of exhaust use, ROb 

Second gas circuit of exhaust use, R1 Gas circuit of adsorption recovery use, R la 

First gas circuit of adsorption recovery use, R lb Second gas circuit of adsorption 

recovery use, R2 Gas circuit of supply use, R2a First gas circuit of supply use, R2b 

Second gas circuit of supply use 
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CLAIMS 

What is claimed is: 

[ Claim 11 

An ozone supply apparatus which condenses and supplies an ozone gas by a first 

adsorption - desorption tower and a second adsorption - desorption tower in which 

an adsorbent is stored, 

the ozone supply apparatus comprising: 

a gas circuit of exhaust use which discharges a gas discharged from the first 

adsorption - desorption tower, to an outside of the ozone supply apparatus, 

a gas circuit of adsorption recovery use, unlike the gas circuit of exhaust use, 

which passes a gas discharged from the first adsorption - desorption tower, through 

the second adsorption - desorption tower, and then, discharges the gas to an outside 

portion of the ozone supply apparatus, 

a circuit switching device which switches a flow path of the gas circuit of exhaust 

use and the gas circuit of adsorption recovery use, and 

a control part which controls an opening and closing of the circuit switching 

device, according to a state of the first adsorption - desorption tower and a state of 

the second adsorption - desorption tower. 

[ Claim 21 

The ozone supply apparatus according to Claim 1, further comprising: 

a first concentration measurement part, which measures a state of the first 

adsorption - desorption tower, and 

a second concentration measurement part, which measures a state inside of the 

second adsorption - desorption tower, 
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wherein the circuit switching device is controlled according to a concentration of 

ozone or a concentration of oxygen. 

[ Claim 3 ] 

The ozone supply apparatus according to Claim 1, further comprising: 

a first temperature measurement part which measures a temperature state of an 

upper portion of the adsorbent inside of the first adsorption - desorption tower, and 

a second temperature measurement part which measures a temperature state of 

an upper portion of the adsorbent inside of the second adsorption - desorption tower, 

wherein the circuit switching device is controlled according to the temperature 

state. 

[ Claim 4 ] 

The ozone supply apparatus according to Claim 1 or Claim 2, 

wherein, in a case where a concentration of ozone of an ozone discharged from the 

first adsorption - desorption tower is higher than a concentration of ozone of the 

second adsorption - desorption tower, the control part controls to switch the flow path 

from the gas circuit of exhaust use of the first adsorption - desorption tower to the 

gas circuit of adsorption recovery use, and 

in a case where the concentration of ozone of the ozone discharged from the first 

adsorption - desorption tower is lower than the concentration of ozone of the second 

adsorption - desorption tower, the control part controls to switch the flow path from 

the gas circuit of adsorption recovery use of the first adsorption - desorption tower to 

the gas circuit of exhaust use. 

[ Claim 5 ] 

The ozone supply apparatus according to Claim 1 or Claim 2, 
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wherein, in a case where an oxygen concentration of an ozone discharged from 

the first adsorption - desorption tower is lower than an oxygen concentration of an 

ozone of the second adsorption - desorption tower, the control part controls to switch 

the flow path from the gas circuit of exhaust use of the first adsorption - desorption 

tower to the gas circuit of adsorption recovery use, and 

in a case where the oxygen concentration of the ozone discharged from the first 

adsorption - desorption tower is higher than the oxygen concentration of the ozone 

of the second adsorption - desorption tower, the control part controls to switch the 

flow path from the gas circuit of adsorption recovery use of the first adsorption - 

desorption tower to the gas circuit of exhaust use. 

[ Claim 6 ] 

The ozone supply apparatus according to Claim 1 or Claim 2, 

wherein, after a concentration of ozone or a concentration of oxygen, which is 

leaked out from the first adsorption - desorption tower, reaches a predetermined 

value which is set up beforehand, or a time relevant to adsorption elapses a 

predetermined time, starts a control for the opening and closing of the circuit 

switching device. 

[ Claim 7 ] 

The ozone supply apparatus according to Claim 2, 

wherein the first concentration measurement part is installed between a 

branching point of the gas circuit of adsorption recovery use and the gas circuit of 

exhaust use, and the first adsorption - desorption tower, and 

the second concentration measurement part is installed between a branching 

point of the gas circuit of adsorption recovery use and the gas circuit of exhaust use 
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and the second adsorption - desorption tower. 

[ Claim 8 ] 

The ozone supply apparatus according to Claim 1, 

wherein an amount of ozone to be supplied can be varied, whereby ozone absorbed 

is made to remain on an inside of an adsorption - desorption tower, at an end time of 

ozone desorption. 

[ Claim 9 ] 

The ozone supply apparatus according to Claim 3, 

wherein, the state of the first adsorption - desorption tower and the state of the 

second adsorption - desorption tower are the temperature state on the inside of the 

first adsorption - desorption tower and the temperature state on the inside of the 

second adsorption - desorption tower, and 

in a case where the temperature on the inside of the first adsorption - desorption 

tower is lower than the temperature on the inside of the second adsorption - 

desorption tower, the flow path is switched from the gas circuit of exhaust use to the 

gas circuit of adsorption recovery use, and 

in a case where the temperature on the inside of the first adsorption - desorption 

tower is higher than the temperature on the inside of the second adsorption - 

desorption tower, the flow path is switched from the gas circuit of adsorption recovery 

use to the gas circuit of exhaust use. 

[ Claim 10 ] 

The ozone supply apparatus according to Claim 3 or Claim 8, 

wherein, after the temperature on an inside of the first adsorption - desorption 

tower reaches a predetermined value which is set up beforehand, the control part 
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starts a control for the opening and closing of the circuit switching device. 

[ Claim 11 ] 

The ozone supply apparatus according to Claim 1, further comprising: 

an ozone decomposing installation which conducts a decomposing processing of 

the ozone gas discharged from the first adsorption - desorption tower and the second 

adsorption - desorption tower, and 

a temperature measurement part which measures a temperature of a gas 

discharged from the ozone decomposing installation, 

wherein in a case where a gas temperature by the temperature measurement 

part reaches a first predetermined value, the flow path is switched from the gas 

circuit of exhaust use to the gas circuit of adsorption recovery use, and 

in a case where the gas temperature by the temperature measurement part 

reaches a second redetermined value, the flow path is switched from the gas circuit 

of adsorption recovery use to the gas circuit of exhaust use. 

[ Claim 12 ] 

The ozone supply apparatus according to Claim 1, further comprising: 

a flow rate measurement part which measures a flow rate of a desorption ozone, 

at an ozone desorption time, and 

a concentration measurement part which measures a concentration of ozone of a 

desorption ozone, 

wherein the control part determines a timing for switching a flow path from the 

gas circuit of exhaust use to the gas circuit of adsorption recovery use, and a timing 

for switching a flow path from the gas circuit of adsorption recovery use to the gas 

circuit of exhaust use, according to a desorption amount of ozone, calculated from 
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the flow rate and the concentration of the desorption ozone, which are measured by 

the flow rate measurement part and the concentration measurement part. 

[ Claim 13 ] 

An ozone supply method, comprising: 

using an ozone supply apparatus which condenses and supplies an ozone gas by 

use of a first adsorption - desorption tower storing an adsorbent on an inside thereof 

and a second adsorption - desorption tower storing an adsorbent on an inside thereof, 

discharging a gas which is discharged from the first adsorption - desorption tower, 

to an outside of the ozone supply apparatus at an ozone adsorption time, in a case 

where a concentration of ozone discharged from the first adsorption - desorption 

tower is higher than a concentration of ozone discharged from the second adsorption 

- desorption tower, and 

controlling for discharging the gas which is discharged from the first adsorption 

- desorption tower, to an outside portion of the ozone supply apparatus, after passing 

the gas through the second adsorption - desorption tower, in a case where the 

concentration of ozone discharged from the first adsorption - desorption tower is 

lower than the concentration of ozone discharged from the second adsorption - 

desorption tower. 

[ Claim 14 ] 

An ozone supply method, comprising: 

using an ozone supply apparatus which condenses and supplies an ozone gas by 

use of a first adsorption - desorption tower storing an adsorbent on an inside thereof 

and a second adsorption - desorption tower storing an adsorbent on an inside thereof, 

discharging, at an ozone adsorption time, a gas which is discharged from the first 
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adsorption - desorption tower, to an outside of the ozone supply apparatus, in a case 

where a concentration of oxygen discharged from the first adsorption - desorption 

tower is higher than a concentration of oxygen discharged from the second 

adsorption - desorption tower, and 

controlling for discharging the gas discharged from the first adsorption - 

desorption tower, to an outside portion of the ozone supply apparatus, after passing 

the gas through the second adsorption - desorption tower, in a case where the 

concentration of oxygen discharged from the first adsorption - desorption tower is 

lower than the concentration of oxygen discharged from the second adsorption - 

desorption tower. 

[ Claim 15 ] 

The ozone supply method according to Claim 13 or Claim 14, 

wherein absorbed ozone is made to remain on the inside of the second adsorption 

- desorption tower, at an end time of ozone desorption, and an amount of ozone to be 

supplied is controlled. 
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